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 Beavers (Castor canadensis) are high-level ecosystem engineers that greatly impact 
wetland habitat. I compared vegetation composition and structure for four National Wetland 
Inventory (NWI) wetland classes and related site variables to bird species richness. I conducted 
bird point counts at 11 sites on ESF’s Huntington Wildlife Forest in Newcomb, NY. Line transects 
were conducted with six, 1 m2 plots per 80-m transect for plant species and vertical structural 
complexity (VSC). The forested wetland class had the greatest plant diversity (Ds = 0.697) and 
second highest bird species richness. Multivariate analysis using non-metric multidimensional 
scaling (NMS) demonstrated that bird richness, plant richness, and VSC were not statistically 
correlated with NWI class (r2 < 0.15). I did find a positive relationship between bird and plant 
species richness across sites, although species assemblages were not statistically correlated. 
Bird assemblages were correlated with VSC and certain plant species. These results indicate the 
importance of habitat complexity to wetland and edge birds. The NWI classification scheme was 
an unreliable way to categorize wetlands in terms of current vegetation and bird communities. 
Management that conserves a variety of vegetal structure at beaver-influenced wetlands will 
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Introduction 
Biodiversity conservation has become an increasingly urgent and necessary task in the light of 
the rapid level of environmental degradation and destruction. Trends in biodiversity are known to be 
influenced by the structure, composition, and heterogeneity of the landscape at both the niche and 
ecosystem level. The widely studied and debated habitat heterogeneity hypothesis states that 
structurally diverse habitats provide more opportunities for organisms to exploit natural resources 
which in turn increases species diversity (MacArthur & Wilson, 1967; Bazzaz, 1975; Tews et al., 2003). 
Heterogeneity is especially important for birds, which require structural complexity in vegetation both 
spatially and temporally. Particularly for forest birds, the vertical partitioning of resources, structures, 
and nesting sites facilitates guild diversity (Poulsen, 2002; Tews et al., 2003). Tews et al. (2003) 
reported that 85% of all studies they reviewed found a positive correlation between species diversity 
and the structural variable of heterogeneity measured. There additionally may be specific keystone 
structures or landscape features that could determine bird species presence or absence from a 
wetland. For example, an open water pond with numerous snags, standing deadwood, and cavities can 
be important keystone structures for cavity nesting or perching birds that require large open areas to 
forage (Remm & Lõhmus, 2011).  
Wetland ecosystems host a unique diversity of species that are not found elsewhere due to 
their adaptations to the transitional environment between terrestrial and aquatic (Cowardin et al. 
1979). It is estimated that there has been a loss of 50% or more of the global wetland area primarily 
due to anthropogenic causes such as drainage or filling for development, horticultural peat harvest, 
agricultural and silvicultural practices (Mitsch & Gosselink, 2015). Habitat heterogeneity and natural 
disturbance regime are two important drivers of species diversity, both of which can be facilitated by 
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the occupancy of beavers (Castor canadensis) at a wetland site. Wetland hydrology, hydrophytic 
vegetation, and hydric soils are the three major characteristics that define wetland habitats, and all 
three of these variables are heavily influenced by beaver establishment and activity. The number of 
beaver wetlands has increased rapidly across the United States since the overexploitation of the 
beaver population for pelts by English settlers until 1900. Their population rebounded from 100,000 
individuals in 1900 to an estimated 10-15 million currently (Alza, 2014). Their activity is a nuisance 
issue for many landowners, developers, and farmers, but this population increase is abating the net 
loss of wetlands in the United States. These ecosystem engineers also create the heterogeneity in 
habitat structure that can facilitate higher diversity of other wildlife species, particularly birds. Wetland 
sites with active beaver colonies have a greater bird diversity and richness compared to similar riparian 
and upland sites without beavers (Alza, 2014; Grover and Baldassarre, 1995). In addition, scrub/shrub-
associated birds increased in abundance along a gradient of increasing vegetation complexity in beaver 
meadows in Massachusetts (Chandler et al., 2009). Implications of this study may be used to categorize 
beaver-created wetlands by type for priority in conservation management projects.  
Wetlands are important landscape features that contribute a number of ecosystem services, as 
well as habitat for many species of wildlife and rare plants. If wetlands with beaver influence can be 
prioritized for conservation by the number of species potentially supported, it could lend those 
wetlands a greater intrinsic value. In cases where beaver activity is viewed as a nuisance by private 
property owners, this prioritization could also potentially be used to assign economic value to beaver 
wetlands that support higher biodiversity in an incentivized conservation management program. 
In my study on beaver wetlands, conducted at Huntington Wildlife Forest in Newcomb NY, I 
expected to see significant differences in the avian species richness, vegetation diversity, richness, and 
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structure based on National Wetland Inventory (NWI) wetland class. I anticipated that the forested 
wetland class (FO) would support the greatest vegetative species richness and diversity, due to the 
typically high level of microhabitat heterogeneity. I expected that these differences in vegetative 
parameters would be positively correlated with avian richness. Additionally, increased vertical 
structural complexity (VSC) of vegetation as well as total vegetation diversity and richness would have 
a positive relationship with bird richness for each site. I expected to see differences in total bird 
richness as well as species present between wetland classes, as well as individual sites to some degree. 
Methods 
Field research for this study was conducted at locations within Huntington Wildlife Forest 
(HWF), based at the Adirondack Ecological Center (AEC) in Newcomb, New York. I used ArcGIS, ArcMap 
10.3.1, to select wetland sampling sites. I combined GIS layers for historic beaver occupancy in 1942, 
1968, and 1998 produced from aerial photos at the AEC (Figure 1), with beaver wetlands active in the 
last five years, as well as current orthoimagery of HWF (Burns, 2002). Sites were selected if they met all 
of the following three criteria: 1) beaver activity in 1942, ‘64, and ’98; 2) beaver activity within the last 
five years, and 3) having maintained (active) beaver lodges or dams based on field surveys and current 
orthoimagery. Eleven sampling sites were selected to include at least one of each of the National 
Wetland Inventory (NWI) wetland classes (Figure 2; Table 1; Table 2). Bird point counts and vegetation 
sampling were conducted from May 28 through July 1, 2015. 
Vegetation Sampling 
At each of the eleven sites information for geographic coordinates, area (m2), and location on 
the property was recorded using ArcGIS, and date, time of day, weather, and temperature were 
recorded in the field at the time of sampling. For each site, wetland vegetation was measured along 
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four – five, 80 meter line transects, with 1 m2 plots every 15 m. The transects were at least 150 m 
apart, and spread out to sufficiently cover the greatest area of the wetland. Vegetation transects 
started at the most interior point of emergent vegetation, or the shoreline if none was present, and 
extended perpendicular from the water’s edge into the upland community. At each of the 1 m2 plots 
vegetation parameters were recorded for vertical structure complexity (VSC) up to 2 m and plants 
were identified down to family, genus or species. VSC was the number of plant parts hitting the 2m 
pole at each of the four height classes (0-0.5, 0.5-1, 1-1.5, and 1.5-2 m).  
For each of the sites, calculations were performed for total vegetation richness and Simpson’s 
Diversity Index (𝜆) based on the frequency of occurrence of each plant taxon encountered in the 30-35 





For eight of the sites, I performed a 10 minute point count between 0.5 hours before sunrise 
and 3.5 hours after sunrise, with three repeat visits per site. Bird species (4-letter species code) and 
directionality were recorded, based on visual and auditory identification, for individuals within 
approximately 200 meters of the surveyor. Care was taken to closely observe any birds that were 
present on the water or perched surrounding the wetland but not vocalizing. Handheld recording 
devices (ZOOM H2n) were used to record each 10 minute point count, and stored to later identify any 
unknown species. For three of the less accessible sites (F, B, and J) I set out automated recording 
devices (ARD’s) (Wildlife Acoustics SM2) for one week, and programmed them to record 10 minute 
point counts during the peak bird activity hours. The ARD’s were programed to specifications similar to 
ones used in Beguin, 2015. I analyzed audio files in the computer lab and three, 10-minute, point 
counts were selected per site to identify avian species present at sites F, B, and J. For each wetland 
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site, the species from each of the three point counts were combined to get an overall site species 
richness. All recordings were analyzed with the acoustic software, Audacity ® Version 2.0.5 to identify 
any unknown species from the field (Mazzoni, 2013). Preferences were set to a sampling rate of 22050 
Hz, in 16-bit. Spectrogram was displayed in Blackman-Harris with a max frequency of 10,000, dB range 
of 100, and amplified by 20 (Beguin, 2015). Any birds that were not able to be identified after listening 
to audio files further were recorded as unknown (UK), unknown duck (UKDU), unknown flycatcher 
(UKFL), unknown sparrow (UKSP), unknown warbler (UKWA), or unknown woodpecker (UKWP).  
I used program PC-ORD Version 4 to conduct multivariate analysis on the relationships between 
matrix data of bird richness, wetland type, VSC, and vegetation richness via the ordination function, 
non-metric multidimensional scaling (NMS) (McCune & Mefford, 1999). Ordinations were run in auto-
pilot mode with medium speed and thoroughness, and the distance measure was set to Sorensen 
(Bray-Curtis). The number of axes was set to 3, with 20 runs with real data, a stability criterion of 
0.000001, 10 iterations to evaluate stability, 200 maximum iterations, step down in dimensionality 
with an initial step length of 0.2, and random numbers as the starting coordinates.  
Results 
 I observed 87 different plant taxa at the 11 wetland sites sampled (Table 3). Plant species 
richness is highest for site D (SR=44) the highest plant diversity is observed at site J (Ds= 0.947) (Table 
4). The greatest vertical structural complexity (VSC) up to 2 m high is observed at site K (VSC=244) 
(Table 5); VSC varied greatly in the ground-level 0-1m high stratum from 47-239, while VSC in the shrub 
layer (1-2m high) ranged from 4-28.  
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 Over the course of the point counts I observed a total of 70 bird species (Table 6). There is no 
relationship between wetland area and bird species richness (r2= 0.068). Bird species richness was 
highest for sites A and C (SR=33) and lowest at site K (SR=15) (Table 7). 
Relationships 
 The forested wetland class (FO) has the greatest mean plant diversity (Ds = 0.697) and highest 
mean bird species richness (SR = 30) (Table 8). Multivariate analysis using NMS, with data ordinated in 
3 dimensions, demonstrates that bird richness, plant richness, and VSC are not statistically correlated 
with NWI wetland class. The NMS plot of wetland sites in ordination (plant species) space reached 
stability after 49 iterations, with a final stress of 2.56151 and instability criterion of 0 for the 3-
dimensional solution (Figure 3). Plant species as a binary matrix, absence or presence, was used as the 
secondary matrix to the wetland classification of sites. There are no significant correlations between 
the matrices or axes (r² < 0.2). 
The NMS plot of sampling site bird species (n=70) in ordination (plant species) space reached 
stability after 38 iterations, with a final stress of 2.53461 and instability criterion of 0 for the 3-
dimensional solution. Plant species as a binary matrix, absence or presence, was used as the secondary 
matrix to the bird species assemblage per site (Figure 4). Although species assemblages are not 
statistically correlated between axes, there are individual plant and bird species with robust Pearson 
(r2) and Kendall (tau) correlations for each of the three axes (r2≥ 0.310). For axis 1 of the NMS 
ordination (Figure 4) there are 10 plant species and 4 bird species with robust correlations (Table 9), 
axis 2 is correlated with 17 plant species and 4 bird species (Table 10), and axis 3 shows correlations 
with 13 plant species and 8 bird species (Table 11).  
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Additionally, there is a moderately positive relationship between bird and plant species richness 
found across all sites (Figure 5). The NMS joint-plot of plant species frequency per site with VSC, bird 
species, and plant species richness reached stability after 75 iterations with a final stress of 2.53719 
and instability criterion of 0 for the 3-dimensional solution. The central vector lines indicate the 
magnitude and direction of the correlation of VSC and vegetation richness with the axes. Bird species 
are not significantly correlated with any axis and did not produce a vector, while increasing VSC is 
correlated along axis 1, and increasing vegetation richness is correlated along axis 2 (Figure 6).  
Discussion  
The NMS ordination of wetland sites by plant species and bird species presence or absence 
yielded interesting results (Figure 4). The plant species positively correlated with axis 1 are indicative of 
an upland community (Table 9). Birds with a positive correlation to axis 1 included American Bittern 
(Botaurus lentiginosus), blue-headed vireo (Vireo solitaries), warblers, and sparrows. Axis 2 is positively 
correlated with plant species typical of a transitional succession community, or “old-field” species 
(Table 10). The bird species positively correlated with axis 2 include common merganser (Mergus 
merganser), chestnut-sided warbler (Setophaga pensylvanica), mallard duck (Anas platyrhynchos), and 
yellow-rumped warbler (Setophaga coronata). Axis 3 shows positive correlations with plant species 
indicative of a bog or peatland community (Table 11). The bird species positively correlated with axis 3 
including white-throated sparrow (Zonotrichia albicollis), northern waterthrush (Parkesia 
noveboracensis), great blue heron (Ardea herodias), and golden-crowned kinglet (Regulus satrapa) all 
share a typical habitat type of forested peatlands and bogs and are often found at higher densities in 
peatlands than the surrounding upland (Locky, 2002). Additionally as values increase along axis 3, it 
was correlated with more woodpecker species than other axis including black-backed woodpecker 
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(Picoides arcticus), pileated woodpecker (Dryocopus pileatus), and yellow-bellied sapsucker 
(Sphyrapicus varius). This could be indicative of a guild association with the vegetation community 
observed.  
The statistical multivariate analysis indicates that wetland classification, assigned by the NWI, is 
not significantly correlated with the wetland vegetation parameters measured or bird species 
observed. This is due, in part, to a couple of factors. The NWI wetland layer used for preliminary site 
analysis and selection was outdated, and personal field observations of many of the sites showed 
succession and vegetative communities different from the wetland class described. Additionally, due to 
time constraints and lack of personnel, my wetland sample size was relatively small (n=11) with an 
unequal number of sites sampled in each wetland class. Although the results indicate that VSC is not 
directly correlated with the bird species or richness at each site, a large limitation in my data set is the 
lack of canopy cover measurements. Vertical structure was only recorded up to 2 meters tall, which 
limits the number of bird species it can be directly compared to. The use of remotely sensed data such 
as LIDAR, predictive models such as habitat suitability indices, species distribution models, and land 
cover information at multiple spatial scales, has been widely gaining applicability and accuracy (Goetz 
et al., 2007; Fairbanks & McGwire, 2004; Gould, 2000). It has been found consistently, in a study 
utilizing LIDAR analysis, that the vertical distribution of canopy cover is the strongest predictor of bird 
species richness compared to canopy height or topography. The model predicted species richness best 
when stratified into general guilds (Goetz et al., 2007). Species richness of birds in boreal peatlands 
was found to be a function of both microhabitat heterogeneity and sampling effort, with the 
occurrence of 50 percent of species explained by the former (Calmé & Desrochers, 2000). 
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Although not statistically supported by my results, habitat heterogeneity and vertical structure 
are important ecological elements to bird communities (MacArthur & Wilson, 1967; Bazzaz, 1975; 
Tews et al., 2003; Poulsen, 2002; Remm & Lõhmus, 2011). One particular related study, also conducted 
within Huntington Wildlife Forest, showed that active beaver wetlands harbor greater biodiversity than 
forested or riparian sites (Alza, 2014). I would recommend a long-term study to model the effects that 
beavers have on resource structure under different environmental conditions.  
Three point counts per wetland site during the first 3 hours of sunrise, was adequate to capture 
the peak activity of the majority of species inhabiting each site (Blake, 1992). Additionally, the use of 
handheld recorders and ARD’s allowed a much greater accuracy of species identification and an 
average of 3 unknown species per site. Due to the timing of field observations (mid-May to June), there 
may have been bird species whose temporal mating and nesting patterns did not allow overlap with 
my surveys. Reported species richness values are therefore estimated values. The lack of waterfowl 
species observed could have been due to this seasonal factor of migration, nesting, or the non-vocal, 
cryptic nature of many species. Many waterfowl benefit from the influence of beaver at wetland sites, 
such as the American black duck (Anas rubripes) which is provided good habitat due to beaver 
presence (Diefenbach & Owen, 1989). In the continuation of this study, data should be collected on 
percent canopy cover and dominant tree species not captured in vegetation transects, at a variety of 
times throughout the growing season to account for patterns of season vegetation dominance and 
growth. Bird point counts would ideally start in mid-April with the arrival of early migrants, and 






 Wetlands are dynamic ecosystems, fluctuations in their physical and chemical structure occur 
annually and seasonally with climate, hydroperiod, and disturbances (Mitsch & Gosselink, 2015). My 
results indicate the importance of habitat complexity (plant structure and richness) to wetland and 
edge birds. While the field data could be organized into different plant communities and related to bird 
species, the NWI classification scheme was an unreliable way to categorize wetlands in terms of 
current vegetation and bird communities. Remotely-sensed data should be updated to provide 
accurate habitat classes. ARD’s are useful tools in preserving a sites acoustic soundscape and 
decreasing the amount of unknown species. One disadvantage is the lack of directionality and amount 
of interference that can occur from running water, insects, and aircrafts.  Management that conserves 
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Table 1. Sampling site descriptions (n=11) and wetland classifications for study in Huntington Wildlife 
Forest, Newcomb, NY. 
 
Site Description Location (m) Area (m
2
) Perimeter(m) NWI Label Class 1 Class 2 Regime 
A Lodo Pond 564,660.744  
4,868,930.484 
76034.7 1397.85 L1OWHb OW  H 
B Little Sucker  
LS 60 Below K25 
565,439.878  
4,870,629.093 
8610.16 506.726 PFO5/OWHb FO5 OW H 
C SB Flow  
I24 (SS1, SS3, SS4) 
564,354.580  
4,870,823.706 
44611.4 1110.57 POWHb OW  H 
D Trucka Pond  
AD 180, G18 
562,217.471  
4,872,254.773 
26985.5 1313.4 PEM1E EM1  E 




185650.9 2433.33 PEM1Fb EM1 OW F 
F Below Wolf Lake,  
AD 240, J17 
562,796.334  
4,873,241.979 
26441.6 816.278 PSS3/EM1B SS3 EM1 B 
G Riano Meadow  
AD 100, E21 
562,417.606  
4,870,461.447 
30573.6 1229.93 PEM1F EM1  F 
H Boundary Pond,  
SB Rd at E23 
562,974.696  
4,870,007.260 
30707.9 1049.69 POWHb OW  H 
I Below Deer Lake,  
SC 20, btw I7 and I8 
560,461.043  
4,875,797.965 
174203 4160.33 PSS1/EM1Fb SS1 EM1 F 
J Above Deer Lake,  
SC 140 at K3 
559,181.107  
4,877,535.053 
120937 4201.54 PEM1Bb EM1  B 
K  Upper Sucker Brook 
Log Rd. L20 
564,180.753  
4,872,610.717 









Table 2. Descriptions for wetland classification scheme abbreviations by the Federal Geographic Data 




Estuarine. Estuarine is tidal, saline content greater than 0.5 parts per thousand. Considered salt 
water. Considered wetlands. 
P 
Palustrine. Palustrine is tidal or non-tidal (mostly non-tidal) with a saline content less than 0.5 parts 
per thousand. Can be fresh or saltwater. Considered wetlands. 
R 
Riverine. Riverine is tidal and non-tidal moving water contained within a channel. Can be fresh or 
saltwater.  Considered wetlands. 
L 
Lacustrine.  Lacustrine is water bodies situated in topographic depressions or dammed channels 
lacking vegetation and greater than 20 acres in size.  Can be fresh or saltwater.  Considered wetlands. 
U Upland. Upland is too dry to be considered wetlands. 
AB 
Aquatic Bed. Seagrass, lily pads, water hyacinth, etc. Because they vary in location and extent from 
one year to the next. This is considered to be open water. 
OW Open Water 
UB Unconsolidated Bottom. Water covers the surface all the time. Considered as open water. 
US Unconsolidated Shore. Exposed sand or mud at low tide or low water stages. Not vegetated. 
FL Flats. Exposed sand or mud at low tide or low water stages. Not vegetated. 
BB Beaches and Bars. Exposed or flooded sand or mud at low tide or low water stages. Not vegetated. 
RF Reef. Primarily below the water surface, features formed by coral, oysters, and worms. 
ML Moss - Lichen. Areas where substrate is covered by moss - lichen vegetation. 
SB Streambed. Bed of a stream channel that is occupied by water intermittently.  
EM Emergent Vegetation. Herbaceous vegetation 
FO Forested. Woody vegetation over 20 feet in height. 





Table 3. Total list of plants, in alphabetical order, identified at sampling sites (n=11) in Huntington 
Wildlife Forest, Newcomb, NY.  
 
Common Name Common Name Common Name 
Alternate leaf dogwood Foam flower Red raspberry 
American beech Geranium spp. Red spruce 
Aster spp. Goldenrod spp. Rose-twisted stalk 
Balsam fir Goldthread Royal fern 
Baneberry  Grass spp.  Sarsaparilla  
Beaked hazelnut Gray birch  Sedge spp. 
Black cherry Hay-scented fern Sensitive fern 
Black spruce Hobblebush  Sheep laurel 
Blackberry  Horsetail spp. Speckled alder 
Blueberry  Indian cucumber root Sphagnum moss spp. 
Blue-flag iris Jewel weed Starflower  
Bog cranberry Labrador tea Steeplebush  
Bog rosemary Leatherleaf  Strawberry  
Bracken fern Lichen spp. Striped maple 
Bulrush spp. Maidenhair fern Sugar maple 
Bunchberry  Marsh St.  John’s wort  Sundew spp. 
Cattail spp. Mayflower  Swamp dewberry 
Cinnamon fern Meadow rue Tamarack  
Cleaver’s bedstraw Meadowsweet  Thistle spp. 
Club moss spp. Mint spp. Trillium spp. 
Dewberry  Moss spp. Twisted stalk  
Dogtooth lily Myrica gale Violet spp. 
Duckweed spp. Northern-white cedar White fir 
Dwarf raspberry NY fern Wild raisin 
Eastern hemlock Partridge berry Wintergreen 
Eastern white pine Purple pitcher plant Wood fern 
False Solomon’s seal Pond lily Wood sorrel 
Fire cherry Red maple  Yellow birch 





Table 4. Plant species richness and Simpson’s Diversity Index per sampling site (n=11). 
 
Sample Site Plant Richness Simpsons Diversity Index 
A 41 0.604 
B 40 0.696 
C 37 0.557 
D 44 0.757 
E 32 0.599 
F 34 0.285 
G 25 0.633 
H 22 0.766 
I 37 0.447 
J 40 0.947 
K 28 0.772 
Total  87   
 
 
Table 5. Vertical structure complexity by height class and total per sampling site (n=11). 
 
Height Class (m) A B C D E F G H I J K 
0 - 0.5 m 63 92 43 99 70 72 120 80 93 93 128 
0.5 - 1.0 m 24 50 14 23 2 36 42 36 31 30 111 
1.0 - 1.5 m 11 0 0 0 1 2 3 8 10 7 2 
1.5 - 2.0 m 16 7 8 11 7 3 1 9 3 21 3 














Table 6. List of total bird species in alphabetical order observed throughout the study (n=70).  
Species CODE Species CODE 
Alder flycatcher ALFL Magnolia warbler MAWA 
American bittern AMBI Mourning warbler MOWA 
American crow AMCR Nashville warbler NAWA 
American goldfinch AMGO Northern parula NOPA 
American redstart AMRE Northern waterthrush NOWA 
American robin AMRO Olive-sided flycatcher OSFL 
Black-and-white warbler BAWW Osprey OSPR 
Black-backed woodpecker BBWO Oven bird OVEN 
Black-capped chickadee BCCH Pie-billed grebe PBGR 
Blue-headed vireo BHVI Pileated woodpecker PIWO 
Blue jay BLJA Purple finch PUFI 
Blackburnian warbler BLWA Red-breasted nuthatch RBNU 
Brown creeper BRCR Red-eyed vireo REVI 
Black-throated blue warbler BTBW Ring-necked duck RNDU 
Black-throated green warbler BTNW Ruby-throated hummingbird RTHU 
Broad-wing hawk BWHA Ruffed grouse RUGR 
Blue-winged warbler BWWA Red-winged blackbird RWBL 
Canada goose CANG Scarlet tanager SCTA 
Cedar waxwing * CEWX Song sparrow SOSP 
Chipping sparrow CHSP Swamp sparrow SWSP 
Chimney swift CHSP Swainson's thrush SWTH 
Common grackle COGR Tree swallow TRES 
Common merganser COME Unknown UK 
Common raven CORA Unknown duck UKDU 
Common yellowthroat COYE Unknown flycatcher UKFL 
Chestnut-sided warbler CSWA Unknown sparrow UKSP 
Dark-eyed junco DEJU Unknown warbler UKWA 
Downy woodpecker DOWO Unknown woodpecker UKWO 
Great Blue Heron  GBHE Winter wren WIWR 
Golden-crowned kinglet GCKI Wood duck WODU 
Hairy woodpecker HAWO White-throated sparrow WTSP 
Hermit thrush HETH Yellow-bellied sapsucker YBSA 
Hooded merganser HOME Yellow flycatcher YEFL 
Least flycatcher LEFL Yellow warbler YEWA 









Table 7. Total bird species richness and total number of observations from three point count surveys 
per sampling site. 
Site Species Richness Total Bird Observations 
A 33 44 
B 30 38 
C 33 55 
D 17 31 
E 16 24 
F 24 38 
G 29 42 
H 20 32 
I 23 41 
J 19 25 
K 15 28 
 
 
Table 8. Mean Simpson’s diversity of plant species (Ds) and mean bird species richness (SR) for 4 NWI 
wetland classes at HWF, Newcomb, NY. 
NWI Class Sites Ds  SR 
FO (forested) B 0.697 30 
EM (emergent) D, E, J, G 0.683 20 
OW (open water) A, C, H, K 0.680 25 





Table 9. Pearson and Kendall Correlations of Plant and Bird Species with Ordination Axis 1 of Figure 4. 
  
 Axis: 1 
Plant Species CODE r2 tau 
American beech amer .449 .661 
Hobble bush hobb .393 .711 
Maidenhair fern maid .623 -.426 
Canada mayflower mayf .356 .534 
Red maple redm .325 .458 
Star flower star .314 .509 
Striped maple stri .341 .514 
Trillium spp. tril .387 .410 
Wood fern spp. wofe .741 .812 
Bird Species CODE r2 tau 
American Bittern  AMBI .616 -.426 
Blue-headed vireo BHVI .310  -.561 
Unknown sparrow UKSP .616  -.426 







Table 10. Pearson and Kendall Correlations of Plant and Bird Species with Ordination Axis 2 of Figure 4. 
 Axis: 2 
Plant Species CODE r2 tau 
Blueberry blbe .355 -.526 
Blue-flag iris blir .437 -.476 
Cleaver’s bedstraw clea .460 -.540 
Dewberry dewb .554 -.732 
Bracken fern brac .329 .464 
Fly honeysuckle fly .407 -.582 
Geranium spp. gera .350 -.426 
Goldenrod spp. goro .563 -.492 
Grass spp. gras .607 .674 
Horsetail spp. hors .319 -.258 
Marsh St. John’s wort  mars .370 -.492 
NY fern nyfe .350 -.426 
Royal fern roya .452 -.493 
Sarsaparilla sars .519 .596 
Speckled alder spec .398 -.366 
Swamp dewberry swam .350 -.426 
Yellow birch yell .372 -.492 
Bird Species CODE r2 tau 
Common merganser COME .523   .661 
Chestnut-sided warbler CSWA .465    .606 
Mallard  MALL .457 .572 




























































 Axis: 3 
Plant Species CODE r2 tau 
Balsam fir bals .472 -.548 
Bog cranberry bocr .638 .426 
Bog rosemary boro .638 .426 
Club moss club .344 .291 
Labrador tea labr .578 .093 
Leatherleaf  leat .366 .229 
Sweetgale myri .355 .130 
Northern-white cedar nort .466 .509 
Purple pitcher plant pitc .638 .426 
Red maple redm .421 -.381 
Sheep laurel  shee .638 .526 
Sphagnum moss spha .553 .239 
Tamarack tama .552 .217 
Bird Species CODE r2 tau 
Black-backed woodpecker BBWO .637    .426 
Great blue heron GBHE .320    .254 
Golden-crowned kinglet  GCKI .488 -.663 
Northern water thrush  NOWA .637 .426 
Pileated woodpecker  PIWO .637 .426 
Unknown woodpecker UKWO .457 .509 
White-throated sparrow WTSP .314 -.385 





Figure 1. Historic beaver occupancy in 1942 (n = 93), ’68 (n = 150), and ’98 (n = 425) within and 




Figure 2. Wetland sampling site locations for bird point counts and vegetation surveys at Huntington 




Figure 3. NMS plot of NWI wetland sites (n=11) in ordination space by plant species, in 3 dimensions 





Figure 4. NMS plot of sampling site bird species (n=70) ordinated in plant species space, where green 






































y = 0.2102x + 16.263 




































































Figure 6. NMS joint-plot ordination of sampling sites (n=11) by plant species (green points) in 3 
dimensions with vectors showing the magnitude and directionality of plant richness and VSC. 
